Evaluation and Analysis of ‘The Loop's’ Proof of Concept 
· An assessment of the cost and benefits of building the high speed fibre optic network to link Nelson schools. 
· Recognition must be made to the Loops two prime sponsors.. NTL (Network Tasman Limited) and the MOE (Ministry of Education) 
· Recognition must also be made to 'The Canarie Project" (Canada) who generated the base document on which this analysis was founded. 
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Introduction

The Continuous Growth of a Knowledge Economy
The world economy is profound transformation towards knowledge intensive economies 
· A new economic order ... 
· increased international economic activities 
· new competitive advantages 
· displacement of international trade 
· new growth opportunities 
· A countries wealth and the quality of life of its inhabitants are determined by its capacity to innovate and designate knowledge. 
· Developing human resources is fundamental to any winning competitive strategy in the new economy. 

Education is in Transition ... A paradigm shift from 'teaching to learning'.

Aim: To prepare learners to succeed in the new economy
· ICT (Information and Communication Technology) is viewed as a scaffolding tool to support pedagogical act ivies. 
· Numerous initiatives are underway throughout the world and New Zealand. 
For example ... 
· Canada... The Carnie project 
· New Zealand ... 
· The Digital Cities initiate. 
· The NEAL project. 

The Loop - Why?
· Perceived educational benefits ... 
· Immediately available benefits: 
· Fat, fast and cheaper Internet costs 
· Protection from incumbent Telco's. 
· Long term benefits: 
· Future proofing our schools 
· Cooperation and convergence of ICT to improve efficiencies. 
· Financial benefits ... 
· What are the costs and benefits of this approach? 
· How do they compare with alternative means of connecting? 

The Loop Project

Stages of Development 
1. The Business Plan ... The educational, business and infrastructure plans are developed. 
2. The Proof of Concept ... The core of the Loop is constructed and the concept trialed against a cross section of schools. 
3. Proof of Concept - extended ... A small number of schools are added after the POC trials to meet urgent demands. 
4. Roll Out ... The POC is 'proved', finance secured and the concept rolled out to the remainder of the region. 
5. Inter Regional ... The concept and structure is passed to other regions creating the ‘SuperLoop’. 

The Loop - Number of schools and educational support agencies (numbers rounded) 
	Type
	Proof of Concept 
	Proof of Concept
(Extended)
	Roll Out 
	Inter-regional 
(Estimated) 

	Pre-school
	0 (0 pupils) 
	1 (20 pupils) 
	1 (20 pupils)
	10 (500) - 20 (1000) 

	Primary
	4 (1000 pupils) 
	6 (1300 pupils) 
	20 (3000 pupils) 
	50 (5000)-75 (7500) 

	Intermediate
	2 (800 pupils) 
	3 (1100 pupils) 
	3 (1100 pupils) 
	3 (1100)-6 (2400) 

	Area schools 
	1 (150 pupils) 
	2 (350 pupils) 
	2 (350 pupils) 
	3 (450)-3 (450) 

	Secondary
	5 (6000 pupils) 
	5 (6000 pupils) 
	6 (7750 pupils) 
	6 (7750)-10 (10200) 

	Tertiary*
	1 (50 users)
	1 (1000 pupils) 
	1 (2500 pupils) 
	1 (3000) 

	Special
	0 (0 pupils) 
	1 (60 pupils) 
	3 (130 pupils) 
	3 (130)-5 (250) 

	Community
	0 (0 pupils) 
	0 (0 pupils) 
	5 (50 users) 
	5 (50)-10 (200) 

	Total
	13 (8000 pupils) 
	19 (9880 pupils) 
	41 (14980 users) 
	80(17480)-130(25000) 


* The Tertiary member will join the Loop services as required. Numbers are rounded to full time users 
** Numbers for the Roll out and Inter regional are estimated on expected 'take-up' based on past experience. 

Prior- Loop networking survey of the Roll out schools. 
· What schools want? 
· How much does ICT cost currently ... 
· Internet: 
· Telecommunications costs: 
· Total ICT and Telecommunications costs: 
Note: Research indicates that a 30%-80% savings can be made on these costs. The Loop originally expects 30% savings but is very aware that greater access to digital resources will quickly negate these expected savings by a greater demand. This demand has transpired to be greater than expected with the demand equally savings within the schools budgets. 

The Loop Investment 

Amalgamation Motivated Network Investment 
The primary objective of 'The Loop' was to link the Nelson schools into one network so that they may combine to access outside resources (e.g. Internet).
· Administrative requirements: 
· Link all the schools 
· Be able to provide common services if required (e.g. SMS, LMS and Email) 
· Pedagogical requirements: 
· Internet access for all schools 
· Database and software sharing. 
· Online access to the pedagogical software and applications. 

Technical Requirements
In addition to the administrative and pedagogical requirements 'The Loop' has four technical network requirements to fulfill ... 
· Support of multiple transmission type (video, voice, data ...) 
· Online video libraries (e.g. ClickView and E-Cast) 
· Online pedagogical content (e.g. Digital learning Objects) 
· Online teaching through video conferencing (e.g. VC bridge) 
· Voice of IP communication services (VoIP) 
· High bandwidth in support of distributed video transmission and VoIP. 
· Multiple physical connections support a the school(s) ... 
· LAN on twisted pair (access level at schools) 
· Distribution optical fibre. 
· Easy Upgrades 
· Education applications require a network that will support rapidly increasing throughput. 
Note: This ensemble of requirements had to be balanced with tight budgets.

The Loop selected Fast Ethernet over a fibre link using wavelength technology.
1: Optical fibre is the only medium that will support increasing traffic at high (and increasing) speed. 
· Alternative physical mediums have capacity limitations 
· ADSL on copper wire. Speed attenuation sharply diminishes at distances over 4km. 
· Wireless: Slower and more expensive where line line-of-site is problematic. 
2: Fast Ethernet on optical fibre is least expensive in terms of maintenance and upgrades.
· Risks of transmission quality due to transport of multiple data types is limited when fibre optic strands are dedicated to a single user group (that is not using wavelength technology and/or Vlans). 
Note: A cost benefit analysis is not meant to challenge the original decision but to broaden the evaluation criteria to include a wider array of benefits and expenses.

Levels of Delivery Architecture.
1. The Core level: The core of the Loop topography 
· Topography- A virtual loop. 
· Responsible for sending information to the distribution level. Schools do not connect to this layer 
· Uses virtual networks (Vlans) and wavelength technologies over a gigabyte (upgradeable to 10 gigabyte +) Loop topography (so that traffic can flow both ways if a disruption occurs). 
2. The Distribution level: There are three different technologies used in the distribution layer. 
· 100 Mbps fibre. The core switches feed each of the fibre based schools access level switch with a scalable 1 Gbps to 100 Mbps link. 
· Point to Point wireless link. Those schools to whom fibre installation will be economically prohibitive will have a private point to point 30 Mbps duplex layer 2 radio link (if they are in line of sight with a 'core site') 
· Point to multipoint wireless (PROBE origins). Those schools who cannot have a fibre or P-P link will join via a Point to Multipoint wireless link. This is a 'special' PROBE link designed and contracted so that it is an effectively a scalable 2- 10 meg layer 2 link able to run Vlans. 
3. Access level: This is the Loop interface. The speed of this interface is scalable from 1/10 Gbps down to 5 Mbps depending on the distribution level technology. Interfaces include ... 
· External services ... external services (e.g. Internet) can access the loop through layer 3 switches. Vlans stop at the Loop's access point. 
· Server Farm ... there is no school to school direct virtual private networks. Interschool communication passes through the Loop distributed server farm. 
· Schools ... 
· Each school termination has a layer 3 switch/that terminates the Loop's Vlans. 
· School's LAN's must ... 
· Manage the terminated Loops Vlans. 
· Have a Loop DNS, private and external IP range 

Distribution Layer School Types. 
	Type of distribution layer 
	POC school 
	Roll Out school 
	Inter-regional school 
	Total

	Fibre (100 meg) 
	12
	23 
	18-27
	53-62

	Point to Point (30 meg) 
	0
	1
	3-5
	4-6

	Point to Multipoint (PROBE) (5 meg) 
	1
	1
	5-10
	7-12

	Total
	13
	28
	26-42
	64-80


* Numbers estimated on the Inter-regional stages. 
Sites need to be 'checked' before confirmation can be made. 

Initial Funding sources
· The local Power Trust (NTL) contributed $250 000 for ... 
· The core loop fibre. 
· Funding to cover the cost of extending fibre cable from the core to the POC (Proof of Concept) edge schools. 
· Funding to cover the 'active gear' (switches etc) for the POC stage. 
· The MOE contributed $250000 (GST Inc) for the design and management of the Proof of Concept. 
· POC schools and the local It industry covered the remaining costs. 

Why these technical solution(s) were chosen 
· Physical media - Fibre Optic ... 
· High bandwidth (speed) 
· High upgradability 
· Low attenuation 
· Interference immunity 
· Low cost. 
· Layer 2 technology - fast Ethernet ... 
· Inexpensive 
· High data transmission capacity 
· Multimedia support 
· Physical interface standardization 
· Layer 3 technology - Vlan ... 
· Quality of Service (Video conferencing) 
· VoIP (Voice) 
These technologies support high bandwidth which in turn permits functions such as Vlans and VoIP support.

What benefits come with 'High Bandwidth'?
· High speed networks support Vlans. 
· Virtual Local Networks (Vlans) provide functions and savings of a compact network over a very large area. 
· Simplified network management 
· Application sharing among many sites 
· Cost sharing among other institutions 
· For a educational region Vlans can generate significant savings and supplementary services.. 
· Conferencing ... multiple video conferences can be made without latency or packet loss. 
· Voice over IP (VoIP) 
· The Loop region could use the network to reduce the number of phone lines it rents while expanding the number of extensions. 
· The whole region could be serviced with one line (E1). 
· All calls within The Loop region could be 'local' calls (no tolls). 
· Addition services are available with VoIP including voice email, conferencing and mobile mail boxes. 

Benefits of Partnerships
· Good practice with other similar projects indicate that savings of ... 
· 9% of capital costs of installing shared networks could be made. 
· 10% of school based ICT support personnel by sharing skilled expertise. 
· The Loop has achieved cost saving of at least 20% during software and services purchase because ... 
· A better bargaining position because of greater numbers. 
· A bigger pool of skilled negotiators. 
· A single billing point 
· Component shared expertise reduces the training and support costs to the vendor. 

The Cost-Benefit Analysis

Cost-Benefit Analysis (CBA)
CBA provides a framework for sorting information about the impact of alternative investments. In the public sector it guides decisions so as to deliver the most public good given the spending choices available.
Framework...
1. Defining the analysis frame of reference
-Whose benefits and cost are we working with? 
2. Identifying the alternative projects
-The Loop vs. alternatives? 
3. Standardisation of the alternatives (for compression)
- Adjust so 'apples are compared with apples'. 
- Difficult when there is such a difference in bandwidth and services supplied. 
4. Dealing with uncertainty and intangible and benefits.
-Employ methods to motorization of intangibles and access these. 
5. Criteria for a decision recommendation 
-Absolute best alternative, highest benefit and breakeven point. 

Cost Structure of the Loop Project
There are two costs involved in the installation of The Loop's fibre and extended network.
1. Installation and maintenance of the core fibre optic network. 
· Since the this cost was borne by the local Community Power Trust (NTL- Network Tasman Limited) this cost is will not be factored into CBA calculations. 
If other agencies were to use this CBA to support a similar structure to The Loop then these costs would have to be factored in. See below for these costs. 
· This agreement will continue for at least the next five year at which point the relationship will be renegotiated. 
· It is considered unlikely that this cost will become a significant factor. 
· NTL based the lifetime of this fibre as 15 years although the IT industry consider a 20 year lifetime more appropriate. 
2. Installation of the edge fibre network (NTL - installation of fibre between the core Loop and the school):
The fibre will be maintained by NTL so no reoccurring costs will be recorded. 
3. The acquisition, installation and maintenance of data transmission equipment (that is 'Active gear'). 
· Capital costs ... 
· Denotations and grants: Fibre core, Core switches, fibre rapier edge switches, server farm (basic) and the TorqueIP installation contract. 
· Additional schools 
· Fibre ... 
1. Switch, Modules and work:$1900
2. UPS and cabinet: $500 
3. Fibre: $7500 (average cost)
4. $9900/school x 53 schools = $ 524 700
· P2P ... 
1. Switch, Modules and work:$3500
2. UPS and cabinet: $500 
3. $4000/school x 4 schools = $ 16 000 
· Point to Multipoint (Probe/TPN) schools ... 
1. Box and setup: $1700
2. $1700/school x 7 schools = $ 11 900
· Server farm : 
· UPS, environment and servers: $5000 
· Other installation contracts: $3050 
Total: Capital and setup costs up to the rollout stage = $543 200
· Reoccurring costs ... 
· Capital equipment maintenance ... 
· Point to Multipoint (Probe) contract (CAS): 7 schools x $400/mth/school = $ 2 800/annum 
· Point to Point radio links: $100 link x 4 schools = $400/annum (switch maintenance excluded) 
· Server farm (including UPS): $10 000/annum 
· *Internet, bridging, telehousing and other inter-networking costs: $150 000 
· Total: $163 200 
· Management costs ... 
· Governance: $5000/annum 
· General Management (50% FTE): $40000/annum 
· Services: $10000/annum 
· Switch maintenance (B2B solutions 72 switches x $1/day/switch): $15000
· Server farm and internal contractors (Taylormade Solutions and Definite Technologies): $24 000
· Total: $94 000 

Alternative Solutions 
* The fibre optic and BAAT1 and BAAT2 cannot be compared as the bandwidth offered is so vastly different that this factor had to be withdrawn from CBA calculations. 
1. Other networks based on the BAAT (Best Available Alternative Technology) to fibre optic, point to point wireless and point to point (Probe) are ... 
· BAAT1: ADSL (Jetstream/SchoolZone) over twisted base copper wire. 
· BAAT2: Shared wireless connection (TPN- The Pacific Net). 
2. An alternative time frame for deploying The Loop. 
3. Another alternative not analysed because it falls outside the frame of reference ... investing the resources on other tools (e.g. Teachers, books and mortar). 
· A valid point of view for society as a whole. 
· However The Loop was not free to reassign the funds to other projects therefore it was outside the relevant fame reference. 
Caveats:
· The Loop offers a Point to Point solution within the urban area. No Telco option is available on a point to point basis.
The closest option is a shared (multipoint) option ... a very significant deterioration in quality (e.g. cannot operate Vlans) 
· Neither BAAT can supply bandwidth >10 Mbps or Vlans on a guaranteed basis

BAAT1 - SchoolZone/Jetstream: A network based ADSL option over twisted base pair copper wire where the connection of the various sites is purchased from a telecom carrier. 
· Maximum speed: Upload speed: Up to 256 Kbps (shared), download: up to 6 Mbps shared >. 
· Speeds drop drastically to < 640 Kbps without repeaters over 4kms or under heavy usage. 
· Multimedia (e.g.VoIP) services cannot operate. 
· Point to Point Internet access - each school will have their own Internet connection. 
· The critical path on a commercial network. Services throughout the region varies widely depending on the technology availability on a specific route. 

BAAT2 - TPN: a network based layer 3 shared wireless connection contracted from The Pacific.Net. 
· Maximum speed: Speed: Up to 5 Mbps (shared) layer 3 with and no QoS (VoIP and VC services cannot operate due to poor QoS). 
· Point to Point Internet access - each school will have their own Internet connection. 
· The critical path on a commercial network. Services throughout the region varies widely depending on the terrain and backhaul capacity availability on a specific route. 

BAAT1 & BAAT2 Costs
· All the costs are recurring Annual Costs 
· Both BATT1 and BATT2 solutions are more simple to cost than the fibre optic option because there would be no new capital associated with them. 
· There is no network or data transmission system to install and finance. The carrier would assume these costs in exchange for a reoccurring access fee. 
· Carrier costs
· Rural coverage tends to have more difficult terrain and low number of customers. 
	Type
	Maximum speed 
	Location
	$/student/mth
	Annual cost for Rollout stage. (15000 users) 
	Caveats

	Schoolzone
(Jetstream)
	2 Mbps
	Urban based 
	$2.00/student/mth
	$360000/annum
	· No VoIP. 
· Cannot supply 10 Mbps 
· Not layer 2 Point to point (routed) 
· Bandwidth shared 

	TPN
(Ebox)
	2 Mbps 
	Rural based 
	
$2/student/mth
	$360 000/annum
	· Bandwidth shared 
· No VoIP 
· Cannot supply QoS with Ebox *
· Not layer 2 Point to point 



· There are emerging wireless technologies that may be Vlan and QoS compliant but these have yet to be proven in the field.

Functions and Capabilities of the alternative Solutions.
The most important task of both alternative solutions is to provide relative high speed using existing infrastructure.
The majority of the key functionalities of fibre optic networks is also available on twisted pair (BATT1) and wireless networks (BATT2) but at the expense of speed, quality and reliability.
For example ... 
· Vlan support is largely not media but bandwidth dependent. 
· On highly utilised networks there is usually little available bandwidth that is not shared and thus be available for Vlans and/or QoS services.
· Full IP converged technologies (e.g. Conferencing and VoIP) would also not be practical at lower speeds.
· Multiple VC (Video conferencing), video archives, multicasting and other multimedia services would require additional bandwidth support. 
· The alternatives would be to build a separate dark fibre for each service. 

Basic Advantages and Compromises of the two BATTS’
· In a data transfer solution, the data transmission network responsibilities are handled by the carrier. 
· Strategic advantage: Schools are relieved of the technology cost and risk associated with data transmission infrastructure. 
· Strategic drawback: School will lose control over key requirements such as easy upgradability, multimedia and multiple physical connection support (Vlans etc) 
· Availability…
· Point to Point broadband is not available within the Loop catchment. 
· Higher speed shared (Multipoint-Jetstream) bandwidth is not available in all areas. 
· Low speed multipoint broadband (TPN -wireless) is available in all areas. 
· Telco's caveat: Because twisted pair networks were originally conceived to carry voice, its transformation to support high traffic is prohibitively expensive and limited which explains carriers’ resistance to diminish their costs. 

Characteristics of the 'Wait & Switch' approach
The 'Wait & Switch' strategy is a conservative approach that assumes competition among carriers will eventually lead to affordable access to commercial fibre optic networks or equivalent quality wireless networks.
· Future access provided on a fixed fee per period or bandwidth use. Regardless of the pricing model the carrier would provide all data transmission services as part of the network access costs. 
· The 'Wait' component ... in the interim the schools would use either BATT1 or BATT2 or forgo an integrated network entirely. 
· The "Switch" component. The criteria for switching would be based on ... 
· Commercial fibre availability 
· The relative cost of the different solutions 
· The relative gap between the different solutions 
· The cost of this 'wait & switch' solution would be close to the cost of the ADSL (Jetstream) solution until the switch point is reached. The actual 'switch' point is indefinable since no option is yet available.. and may never be in the immediate future. 
A Central government initiative (such of the Canerie project) would change the entire ‘CBA’ for this type of project.
It is assumed that any initiative if this type would support the Loop concept as opposed to generating another BATT scenario.

The Advantages of Being Conservative
Minimizing risk exposure is the main reason to employ a cautious strategy such as "Wait & Switch". 
· At $524 700 (cost of fibre) there is a large fixed cost component to the fibre optic solution. 
· If schools had to incur these full costs then this would reduce the school flexibility that will be available in the future. 
· School will only have to pay $5000/school (maximum). This lessens the exposure significantly to this reduced flexibility. 
· The capital investment in the data transmission network and the responsibility of operating and maintaining that infrastructure should be avoided. 
· If carriers provide access at a fixed fee the carriers would then assume the cost and technology risks. 
· The Loop would need to contract a NOC (Network Operating Company) to maintain the network thus reducing schools exposure to this risk. 
· This also reduces the chances of the network becoming obsolete. 

Cost and benefit Analysis


Comparing the Costs and benefits of the Options
· Highest Net Benefit Method - used when a cost and benefit trade off is evident) 
· The Absolute Best Method - used when one option is clearly gives more for less- that is the BATTs vs. the fibre optic option) 
· The Break Even method - used to compare capital intensive options, when there is a high degree of uncertainty about future costs and technology. Locates the point in time where the amortised cost of the capital equipment equals the costs of the alternative solutions. 

Cost Comparison
Standardisation adjustments required ... 
· Annual costs: The capital costs of the fibre optic solution have to be annualised at 9.08% rate so that the cost comparison is made in the same time framework. 
· The Loop costs: Only the costs to the Loop schools are recorded ... not the donation or tagged grants. 
· The useful life of the fibre network is assumed to be 20 years. 
· The Rollout stage is chosen as the comparison point with its larger numbers yet predicable costs.
	
	The Loop 
	BATT1 (Schoolzone) 

	BATT2 (TPN) 

	Reoccurring
	$163 000 (with Internet)
$13 000 (without Internet) 
	$360 000*
	$360 000*

	Capital
	$543 000 (Without rollout grants) 
$293 000 (With rollout grants) 
	$0
	$0


*This would result is about a reoccurring cost of $360 000/annum based on a based use of BAAT1 and BAAT2. 
+ Costs rounded off to the nearest thousand.
# Interest: In order for schools to achieve lower reoccurring costs schools must pay $525 000 in additional capital costs. 
The interest is calculated as if all the operational savings were channeled into financing the capital debt  at 9.0% interest rate.
The fibre optic solution breaks even after …
	Break even point
	Internet excluded
	Internet included

	Grants excluded
	Total cost: $556k/yr
Interest: $25k/yr
BATT Cost: $360k/yr
Break even point: 1.6 years
	Total cost: $706k/yr
Interest: $30k/yr
BATT Cost: $360k/yr
Break even point: 2.04 years

	Grants included
	Total cost: $306k/yr
Interest: $15k/yr
BATT Cost: $360k/yr
Break even point: 0.89 years
	Total cost: $456k/yr
Interest: $22k/yr
BATT Cost: $360k/yr
Break even point: 1.26 years



The worst case scenario breakeven point is: 2.04 years

Fibre Optic solution vs. BAATs (Absolute Benefit Advantage) 
	Description
	The Loop
(Fibre)
	BAAT1
(Schoolzone)
	BAAT2
(TPN)
	Neutral

	Administrative Requirements:
· Link all schools 
	

Yes
	

Yes- when combined 
	

Yes

	Pedagogical requirements:
· Common internet access for all 
· Software and database sharing 
· Online access to pedagogical software and applications 
	 
Yes
Yes
Yes
	 
Yes
No
No
	 
Yes
No
No
	 
Yes
No
No

	Technical requirements:
· Support Vlans 
· High bandwidth 
· Easy upgrades 
	 
Yes
Yes
Yes
	

No
No
No
	

No
No
No
	

No
No
No


The fibre optic solution has an absolute benefit advantage over either BAAT. 
Caveat: How comfortable are schools having a 20 year life for IT technologies. Maybe ASDL (Jetstream) will be replaced by a better technology than the Loop is currently using ... but then the Loop could also easily upgrade also. 

Assessing the Wait & Switch Strategy:
	Break Even points
	Internet excluded
	Internet included

	Grants excluded
	
Break even point: 1.6 years
	
Break even point: 2.04 years

	Grants included
	
Break even point: 0.89 years
	
Break even point: 1.26 years


· If schools wait, they pay for an alternative until it is time to switch. Implicitly this means schools will incur a cost of $12/user over a 5 year period.. 
· The 'Wait and Switch" strategy is preferable if schools believe that the rules of the game will change significantly before a date 2 years from this point in time.
· Caveat: The greater bandwidth will encourage schools to use greater volumes of International Internet data (estimated >500% rise) with the associated rise in costs. This will have a significant impact on the reoccurring costs and increase the 'financing period to about 5 years (2010). 

Interpretation and Conclusion
Private fibre optic networks have higher net benefits over the next best alternative solution and over a conservative 'Wait & Switch" strategy.
· The fibre optic solution has an absolute advantage over the ADSL (Jetstream/School Zone) or wireless (TPN) solution providing both lower reoccurring costs and higher benefits. 
· In comparison to a 'Wait & Switch' strategy, the breakeven point of the fibre investment ranges from 1 to 2 years. 
· The advantage of paying up front capital costs depends on the value of the intangibles to the schools. 
· The value to the educators accessing the best solution sooner than later. 
· Speed of transmission 
· Quality of transmission 
· Security 
· Video support. 
· The ability to support large increases in traffic 
· If carriers offer cheap optical fibre network services before the breakeven point, then the tangible costs of getting the private network ahead of time is the value of the unpaid loan for the capital at the time. 
· These CBA calculations do NOT include VoIP. Saving through VoIP utilisation would be significant thus altering the economics of the Loop in a positive manner. VoIP is seen as an additional service thus not factored in to these CBA calculations. 

